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Qualitative identification of type II 
antibody function in rabbit ^ 
antihuman J£-£ 12 complex antiserum 
and its cross reactivity 

K. Srikumar 

Department of Biological Sciences Ponrf.Vh^ n • 

Pondichcrry 605 014 India Univ crsi(y . Kaiapeti 

Si ST" ° f binding (ty P e U > ** ti *">6y fW 
.on u rabbit autisera raised against purified human 
intrinsic factor-vitamin B l2 complex aSS. com" 
plex) has been qualitatively identified by nn n v7o 
assay employing zirconyl phosphate gel. A sample of 
human autoimmune antisera to human IF did not 
exhibit the type II antibody function by the sam 

rabbit or the human antisera did not show immu, 
nological sequence interrelationship bctwecnhuCn 
rat and rabbit intrinsic factor-vitaL„Tc 0 mpSi' 
or_ with hog IF. A possible link between tte Sndml 
epitope (type II epitope) on the IF molecule and^ 
munological cross reactivity is suggested. 

Schwartz 1 , Garrido-Pinsen « <,/.* and Taylor 3 sue- 

clZV^rT? from .P aticnts P^nicious anemia 
contains antibodies against intrinsic factor (IF) Loweh 
stem et al. confirmed the presence of IF inhibiting 



substances in the serum of patients wi ™ "d ZSd^ a , " 

P« ri "t""» aneniia. Jefferies er a/.' demonstrated h^T f arbo *Wldase.A. leucine aminopeptidase and hog IF 
autoimmune nnrih^„ aemonstiai <* that an concentrate ™™ nk,,,-,^ „, • °S xt - 



J* gSEARCH COMMUN ICATIONS: 

Vf/r 0 assay 10 for the estimation of fF-B Pn . 
from different specits. ' 2 COm P ,exe s 

brndtng tj-pc anybody (type II autoimmune and bo y 
a rabbit anUsera raised against purif)ed human 
complex was assessed. By the same method hunf.n 
autoimmune anlisera to human intrinsic factor wJ"Z 

tTboT VZt ? resence of the ,ype " -""t^ 

Jf^"r-h? , ; ,npl0 !:^ these mcthods - inh ^ 

t ibIdv 5t c U . £,ie K rePOrted SUegBSt that lhe bindi "C an- 
ant,b 0 dy^IF-B u complex' formation. Any altera^ 
to this combining region can lead to a loss in ability to 
aT Dfi h ge T ant , lb0dy ^-oP^ipitauon comp.eL- 
or tne it-B\ 2 complexes, 

tainSV^ SJ FrCUnd ' S COn,p,Bte ad J Uvar,t W ^ ob- 

SSm^ 01 " Ub0ratorics - US A- Human seruni 

M,body w as SUppJied by v j Matha 

Dcpt of Gastroenterology, Christian Medical College 
and Hospual, Vellore. All other chemicals used we o 

262 ^Ci/ M g) was obtained from Bhabha Atomic R e - 



^ . w ucuiunsiraica that an 

autoimmune antibody that destroys the intrinsic factor 
act,v,ty of human gastric juice was present in about 30% 
of patients with pernicious anemia. These autoimmune 
antibodies are functionally of two kinds, both of which 
hav E been reported to be present in the IgG fraction of 
the serum. Thejype I or 'blocking antibody' prevents 

gaasjejactor to the receptor^ injhg_ji^n7 T 
These auto lm mune antibodies are rarely fou^ln~c^dT- 
t.ons other than pernicious anemia, making them 
physiologically more specific 8 . • 

An assay for the rapid estimation of blocking antibod- 
ies (type I), employing zirconyl .phosphate g c J fe-eH 
had bee,, developed and described by Hansen It al» 
The gel generally adsorbed proteins at or below their 
isoelectric point, but quantitatively adsorbed the intrin- 
sic /actor activity of human gastric juice at P H 5 At a 
pH greater than 5.5, the IF-B I2 complex does not get 
adsorbed on to the gel as ■ the negative charge on the 
molecule becomes greater. Nevertheless, in the presence 
of an antibody binding the IF-B„ complex, a greater net 
positive charge makes possible the adsorption of the 
b.nd,nj . antibody IF-B 12 complex' onto the gel at P H 
6.25. Th.s method, therefore, provided a sensitive in 



were obtained from Sigma, USA 
For the preparation of rabbit antiscra to human IF-B,, 

k" , ad f n ° rmal hca,thy ' male ""bit that' 
weighed about \ kg was used to raise antibodies against 
purified human IF-vitamm B l2 complex. Hu ma „ IF Z 
was purified 1035-fold by affinity chromatography on 
vnamm B I2 -se P har 0 se" ' 2 , and having a specific v it L 
B„ binding ab,hty of 24 pg B I2 /mg protein was used for 
the immunization process. Human IF-B„ complex 
(containing 350 ug protein saturated with 8 05 lib B -1 
was mi xed with an equal volume of Freund's compel 
adjuvant and injected subcutaneously into the dorsal 
skin of the rabbit in several spots, injectins 0 25 ml of 
the mururc per spot. The rabbit was maintained on a 
normal diet thereafter for 15 days. On the 16th day a 
smgle booster dose of IF-B „ complex (protein com- 
plcxed with 0.26 M g B l2 ) in a total volume of l. 0 m | 
°" 5 ; f of fund's complete adjuvant was 
2 '™ * f ° 0t P3dS ° f the rabbit - immunized 
It iIk 00 5 ? ° m0 WaS C °' IeCted 3 from the 

ear lobes of the rabbit, and the antiserum was separated 
*y a»°w Jng the blood to dot at room tempera^ T 

Mffi t5K ^ Cemrifu * cd « 3.000 rpm in an 
MSE table-top centrifuge for lOmin. and the clear se- 
rum was decanted, portioned and stored at -20°C for 
further use. 
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For protease treatment of huma* EF-B I2 complex af- 
y P human IF— B t2 

complex (24 (ag B,J/ms 
protein) was treated sequentially with pepsin tryn! 
s.n, a-chymotrypsin, carboxypeptidase-A and leucine 
ammopeptidase, at their optimum P H and at 37°C- 
maintaining an enzyme lo protein ratio of 1100 Protein 
samples were adjusted to pH 1-2 with 1 N HCI followed 
by the addition of pepsin and incubation for 2 h The 
enzymes trypsin through leucine aminopeptidase, were 
then added after adjusting the pH of the reaction mixture 
to 7-8 with I M NaOH. The ineubation was allowed 
thereatlcr for a further 4 h. At the end of the incubation 
samples were taken for immunodiffusion experiments ' 
The immunodiffusion experiments were carried out on 
agar gel plates by the method of Ouchterlony 13 Solu- 
tions i of agar-agar (1.5% and 2%) were prepared in 
0.85%, sodium chloride, and agar gel plates were made 
Jn small petri dishes. The antibody serum was placed in 
the central well and the various antigen samples were 
applied to the surrounding wells. The plates w ere devel- 
oped ai 6°C for 48 h. 

Inhibition studies of vitamin B, a binding by human 
gastric juice and rat gastric IF preparations w cre carried 
out employing the anti IF-B 12 complex rabbit antiserum 
and using the charcoal adsorption method of Gottlieb 
et al. . Samples (12.4 mg/ml) to be assayed (15 di- 
luted) were taken in a total volume of 0.5 ml containing 
200 umoles sodium phosphate buffer, pH 7.5 and vary- 
ing amounts of 1:20 diluted rabbit antiserum. The reac- 
tion mixture was incubated at 37°C for 15 min At the 
end of the incubation period, 3,5 ng [ S7 Co]-vitamin B I2 
(Specific activityjO.143 fiCi/ug) was added to each reac- 
tion tube and the tubes were incubated for an additional 
15 min. A suspension (2.0 ml) of protein-coated char- 
coal was then added to each tube to adsorb the free vi- 
tamin B, 2 . The tubes were then centrifuged at 1000 g for 
15 min, the supernatant was decanted and taken for 
measurement of radioactivity i n a Packard gamma 
counter. 

The effect of human anti-intrinsic factor autoimmune 
antibody serum on vitamin Bj 2 binding by human gastric 
juice and by rat IF preparation was assessed by the same 
procedure as described for using the rabbit antiserum. 

Zirconium gel (z-gel) was prepared according to the 
method of Hansen et al 9 . Zirconium oxychloride (20 r) 
was taken in 3 1 of 0.1 N HCI. and 40 ml of orthophos- 
phonc acid was added to precipitate zirconyl phos- 
phate. After standing for 5 h at room temperature, the 
supernatant was decanted and the precipitate was 
washed with 3 I of glass distilled water to remove excess 
phosphoric acid. The procedure was repeated five times 

• and the final precipitate was taken in 0.1 M acetic acid 
One part of the gel was adjusted to pH 5.0 using concen- 
trated ammonium hydroxide and the other part to pH 
6.25, and stored in the cold until further use. A 40% 
(v/v) preparation of the z-gel was used for all the assays. 

388 • 



The ability of z- ge | to adsorb [ 5, Co)-vitamin B 
complex*!*) intrinsic factor in human gastric X 
in rat anc rabbu IF preparations was ini f ia Uy de^in* 

200 uLf Ar ^ Ca ' reaCti ° n mixtl " e contained 
° 7 ! S °, f Tr ; 5 " HC1 buffer, pH 7.5; in a total v 0l . 
ume o I 0.6 ml and varying amounts of the protein to be 
assayed to which saturating amounts of f 57 Co]-vi tam in 
Bn in 0.1 M I (specific radioactivity: 0.01 nCi/n* B„) 
has been added The rearrinn m ; v ., ° l2j 

nor i< - r re »ction mixture was incubated at 

J/ C; 15 min for human gastric. IF, 5 min for rat IF and 
10 S for rabbit IF preparations. At the end of the incu- 
bation period, . Ing nonradioactive vitamin B„ w« s 
added to the reaction and mixed well to displace 
loosely-bound radioactive vitamin B J2 from protein in 
he sample^ A 40% (v/v) suspension of z- S el (12 ml) w ., 
then added to each tube, the tubes were capped with 
parafilm and mvertcd twelve times for uniform mixin* 
and then centrifuged at 700 g in a MSE tablctop centrf- 
tuge for 10 mm. The supernatant was discarded and the 
gel pellet was washed by resuspension in 0.1 M ammo- 
nium acetate buffer, pH 5.0. followed by centrifugaticn 
The procedure was repeated twice and the rad.oaciivity 




03 



n.«T l ' -^'PJ' 0 " of hu ""»> intrinsic factor-vitamin B, 2 com- 
plex by nrconyl phosphate gel at pH 5.0. 
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Figure a. Adsorption of human „. M11MJ1 . liitlor . 
pJftx by 2]rC onyl phosphate ge] at pH 6.23, in the 
aimbuman IF-B t2 antiserum 



i"?l n ! i 5 facf0r - vi tamin Bia com- 
presence of rabbit 




'00 200 300 400 SOO 

CONC£NTRAT(ON OF AAA Ait *iu-r. e „ , 

w RABBIT ANTISgRAtUg pftOTEIN) 

Figure 3. Inhibition of vitamin B i2 bindinc to Hi-™™; ■ a i 
fS c juiM « a funetion 0 , ^..'U^^CKiir 



The assay using 2 -ge| at pH 6.25 was similar to that 
described for the z-ge| assay at pH 5.0. The experiments 
CURRENT SCIENCE, VOL. 75. NO. 4. 25 AUGUST , 998 



were aimed at quantitating human B?-B,, comole* ,« , 
™hody complex employing Me J,^; 

c «™l thC adS0rpti0n of antibody-human l F - Bl , 

complex, varying volumes from a sample of human en 

oo,n?B di r and having 

a dd e( fri 1 £ Co ^ vitamin B.2 (0.148 nCi/n C ) was 
£2? £ /? ^ 20 P0 10 1,16 reaCti ° n V0lu ™ «nd incu! 
f3? JT/J " Un , " 37 ° C - RabbU antiSerum ( 4 °Ml of 
hnl l S ° 1UUOn COmaining 0190 m S Protein) 
that gives a 50 per cent inhibition of vitamin B P bind J 
by human gastric juice was added to the reaction volume 

1Z I «f £ A tUbES WCre incubatcd for a tother 
period of 15 rnm. At the end of the incubation, 10 ml 

•suspenston (40% v/v) of 2 - ge | at pH 6.25 was add^d 

to each tube, the contents of the tubes thoroughly 

mixed by inverting several times and the tubes were 

tSZ " f 7 °, 0i f0f ,5min " The ^pematant ob- 
ta ned was discarded and the gel pellets were washed in 
D-1M ammonium acetate, pH 6.25, three times The 
rad.oact.vuy adsorbed onto the ge, ln each tube 
was measured usmg a g amma counter. A plot of 
radioactivny on the gel vs concentration of 

gastnc IF-bound B (l taken w as constructed, from which 
the amount of B I2 bound by the gel was estimated. Suit- 

ad ' C f °T in ' lnB the antiSCra a,0ne were to 
adsorb 15% of the initial total radioactivity of the reac- 
tion mixture (Figure 2). 

For the adsorption of human antibody-human IF-B P 
complex, diluted (1:10) antihuman intrinsic facto? 
autoimmune antibody serum (ring/ml) was used A 
known amount of the antiserum (6 Pg protein) giving a 
50 per cent inhibition of vitamin -B,, binding by a l ib 
diluted sample of human gastric juice (specific activity 
0 013 ug vitamin B (2 /mg protein) was used in the assay 
the protocol of which was identical to that of the previ- 
ous experiment. The amount of radioactivity bound to 

Su^hf 31 f f' 25 ^ meaSUred in a ^-a counter. 
Su.table controls containing the human antisera were 
found to adsorb less than 10% of initial total radioactiv- 
ity of the reaction mixture. 

Polyclonal rabbit antihuman intrinsic factor-vitamin 
a,2 complex antisera brought about 50% inhibition of 

ITTL " u b . , L ndlng by human gastric juice (Figure 3) 
and 10% inhibition- of vitamin B I2 binding by rat IF 
preparations. Human autoimmune antibodies to intrinsic 
factor also demonstrated a 50% inhibition of vitamin B„ 
binding by human gastric juice (Figure 4). but the \n- 
hibmon reqtured only 6 u g autoimmune serum proteins 
as compared to 190 ug rabbit antisera protein. The pro- 
em content of human gastric juice sample employed for 
£ese studies w as 2.15 mg/ml and that of rat and rabbit 
P re Parations w cre 11.4mg/ml and 13.34 me/ml re- 
spectively. The z-gel assay at P H 5.0 demonstrated that 

3S9 
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Figure S. Immunodiffusion using polyclonal rabbit antihunun IF- 
in'^'h i Vr er " m (C *" t ™' wcU 4 -4mg antiserum pro«ci„ 

50 nD in the surrounding wells. 1 

human IF from human gastric juice, complexcd to vita- 
min B, 2 was adiorbable on to the gel at that pH (Figure 

1) . The 2-gcl assay at pH 6.25 demonstrated that rabbit 
antisera to human IF-B,, complex aided the adsorption 
of human IF-B,, complex by the 2-geI at that pH (Figure 

2) . However, human autoimmune serum was not seen to 
aid the adsorption of human IF-B 12 complex by z-gel at 
pH 6.25. 

Polyclonal rabbit ancibodies to purified human 
IF-B 12 complex immunoprecipitated the complex 
(Figure 5), Precipitated antigen-antibody complexes 
on agar under similar conditions were, however not 
observed when the rabbit antiserum was cross- 
reacted with purified IF-B I2 complexes 12 ofrai and 



Sample 



Volume 
range 
(Pi) 



. Rabbit 
Protein amiscra 
nmge total protein 
(MB) (mg) Result 



Human gastric juice 50 
Purified human IF-B l2 10-50 
Proteolysed human 10-50 
IF-B.2 

Purified rai 1F-Bj 2 
f 1729-fold) 
Purified rabbicIF-B,2 
016-fold) 
_Hog If concentrate 40 



3.0 

2.65-13.25 
2.0-10.0 



60- J 20 4,56-9.12 



10-50 



5-25 



9.2- 



3.4 
4.4 
4.4 

4.4 

3.9 

3.3 



Positive 
Positive 
Negative 

Negative 

Negative 

Negative 
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rabbit The rabbit antisera did not immunopreciphate 
protease treated human IF-B (i complex. Neither did 
human autoimmune antiserum exhibit immuno precipi- 
tation etcher with human IF or wich human IF-B n com- 

i C t, d !\ mg 3gar gpJ immu ™^sion experiments 
(Table 1). 

There is evidence in literature tor the existence of two 
amiintnnsic factor autoimmune antibody types in the 
serum of patients diagnosed to have pernicious ane- 
mia \ Of these, the type I, or 'blocking antibody' is re- 
portedly present in 60% of adult cases and the type II or 
binding antibody*, is suggested to occur only in 30% of 
the cases. It follows, therefore, that the type I antigenic 
domain on the IF molecule can elicit an antibody re- 
sponse in a host, independent of the type II anionic 
domain. * 

The sample of human autoimmune antibody scrum 
that was capable of inhibiting vitamin B, 2 binding by 
human gastric juice, but not capable of aiding the ad- 
sorption of human gastric juice-bound vitamin B l2 
(HGJ-Bu) complex by the z-gel at pH 6.25, shall there- 
fore contain the type I, or the blocking antibody As the 
z-gel assay method at pH 6.25 provides a sensitive in 
vitro assay, for the IF-B 12 complex 10 , the observation 
that the rabbit antisera actually aided the adsorption of 
HGJ-B 12 complex by the z-el at pH 6.25, demonstrates 
the existence of the type II, or the binding antibody 
function in the rabbit antiserum. Although both human 
autoimmune antiserum as well as the rabbit polyclonal 
antiserum were capable of inhibiting vitamin B„ bind- 
ing by human gastric juice, the amount of human auto- 
immune antibody serum protein that was required to 
block 50% vitamin B, a binding by HGI was nearly 40- 
.fold less than that required of the rabbit antiserum. 

Immunodiffusion studies using the rabbit antiserum 
did not demonstrate cross reactivity of intrinsic factor 
from human, ral, rabbit or hog. The antibody bindin* 
reg.on (type II region) of IF from these species therefore 
may not share immunological sequence interrelationship 
in their antibody binding epitopes. Purified human IF. 
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human IF-B,, complex, and a sample of depepsinizcd 
human gastnc juice, all exhibited a positive immuno- 
precipitation reaction with the polyclonal rabbit antihu- 
man IF-v,tamin B I2 complex antiserum. Proteolysed 
human IF-B I2 complex on .the other hand, yielded a 
negative result when subjected to immunodiffusion 
Probably, the antigenic domains on the IF molecule re- ' 
sponsible for immunocomplexation underwent structural 
alterations as a consequence of proteolysis of the IF-B,, 
complex, with concomitant loss of the antibody bindin* 
function. B 

These studies suggest that the type n binding antibody 
recognition site on the IF molecule may have a role to 
play in the binding and immunoprecipitation of free IF 
or IF-B U complex from human source. Either struc- 
turally different or the lack of a type II region in the rat 
rabbit, and hog IF probably renders these molecular 
speaes .mmuno inactive. Dissimilar type II epitopes of 
IF from different species may therefore be responsible 
for the species specificities observed when employing IF 
for clinical use. Maintaining the structural integrity in 
the type II domain of IF may also be crucial in the rec- 
ognition and binding of IF-B 12 complexes by the IP 
specific ileal receptors. 
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Antiquity of the Narmada Homo 
erectus, the early man of India 

Aran Sonakia* and S. Biswas 

Palaeontology Division, Geological Survey of India 
Nugpur 440 006, India 

The fossilized skull of Narmada Homo erectus was 
found embedded in a conglomerate bed in the Nar 
mada valley of central India. This bed occurs at the 
basal part of a formation sandwiched between two 
other formations of 0.73 Ma and 74000 yrs BP The 
conglomerate bed has also preserved fossils of Hip- 
popotamus namadicus, Equus namadicus, Stegodon 
namadicus, Sus namadicus, etc. having Middle Pleis- 
tocene affinity. All these stratigraphic and palaeon- 
tological evidences point to a Middle Pleistocene ace 
or the Narmada Homo erectus. 

A hundred years of investigation on human ancestry in 
India was rewarded in the year 1982 with the discovery 
by the first author of a skull cap of Homo erectus from 
the Quaternary alluvial deposits of the Narmada valley 

*For Correspondence. 
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tn central India . In its first report, a Middle Pleistocene 
age, was assigned to it based on a preliminary study of 
the associated mammalian fossils. But being the only 
authentic record of Homo erectus from the Indian sub- 
continent, its precise taxonomic position and age is still 
under djscussion amongst palaeoanthropologists and 
palaeontologists the world over. 

Subsequent multidisciplinary studies on lithostratigra- 
phy, tephrastratigraphy, magnetos tratigraphy and bio- 
stratigraphy of these deposits have thrown fresh light on 
the problem of age of the Narmada Homo erectus D.s- 
coveries of a layer of volcanic ash and palacomagnctic 
reversal in these deposits and for the first time for pen- 
insular India are breakthroughs in filing the chronologic 
position of the skull. Fresh data on the age of the Nar- 
mada Homo erectus are also available by additional 
finds of fossil mammals and a detailed taxonomic study 
along with a thorough review of some families of mam- 
mals. 

The Homo erectus skull was discovered embedded 
(Figure 1) m a conglomerate bed within the Quaternary 
alluvial deposits of the Narmada Valley. Several lithos- 
tjatigraphic classifications have been suggested for these 
depos.ts* (Table 1). The conglomerate bed occurs at the 
basal part of a formation designated Surajkund 



391 



